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A summary has "been made of available data on the characteristics 
of airfoil sections vith trailing-edge high-lift devices. Data for 
plain, split,‘ and slotted flaps are collected and analyzed. The effects 
of each of the variables involved in the design of the various types of 
flap are examined and, in cases where sufficient data are given, optimum 
configurations are deduced. Wherever possible, the effects of airfoil 
section, Reynolds number, and leading-edge roughness are shown. For 
single and double slotted flaps, where a great mass of unrelated data 
are available, mariTmim lift coefficients of a large number of configu- 
rations are presented in tables. 


INTRODUCTION 


A rather large amount of data on the section aerodynamic character- 
istics of trailing-edge flaps has been obtained during the course of the 
last several years. Some of the data have been obtained as a part of a 
general program on the investigation of these characteristics hut a large 
amount, particularly that obtained during the war, has of necessity been 
directed toward the development of -high-lift devices for specific air- 
planes and as a result is generally unrelated to the over-all program- 
This paper is prepared with a view of collecting and correlating, insofar 
as possible, the data that are available for the purpose of providing 
a guide for the selection of the type or size of high-lift device for 
specific applications and for showing, if possible, means for predicting 
the characteristics of configurations which have not been specifically 
tested. 

In same few cases, the only data available to show the effects of 
fundamental flap design parameters were obtained on rectangular wings 
of constant section and of aspect ratio 6. In all other cases, only 
•section data have been included in this paper, both in an attempt to 
keep the size of the paper below a reasonable limit and because of the 
fact that the application of the section data to finite span wing3 can 
be considered a separate problem. For this reason, no data are shown 
on the effects of flap tips, on cut-outs, on fuselage interference, or 
on slipstream effects. No detailed analyses have been made on the 
effects of these flap characteristics on the performance of airplanes. 
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Although the requirements of good high-lift, devices are fairly well 
known, a short summary of the more important characteristics will be 
presented here. The increase in maximum lift coefficient is the primary 
function of flaps, and generally the effects of flaps on other character- 
istics must be considered as secondary results of this increase in 
maximum lift. 

Flaps and other high-lift devices were first put into use for landing 
airplanes in small airfields with nearby obstructions without penalizing 
high-speed performance. The recent use of higher and higher wing loadings 
has made the need for these devices even more acute and has presented 
the necessity for using high-lift devices during take-off as well as 
landing. For take-off, a high maximum lift is desirable but must be 
accompanied by low drags. For landing, the highest maximum lift possible 
is desirable for decreasing the landing speed and some additional drag 
is useful for steepening the glide path for landings over high obstructions. 
Recent flight tests (reference l) , however, have shown that the pilot's 
Judgment is seriously impaired if the rate of descent during landing is 
greater than about 25 feet per second. Too high a drag coefficient there- 
fore cannot be tolerated. 

In addition to these fundamental requirements, the flap should be 
such that in its retracted position it adds as little as possible to the 
drag of the wing. High pitching-moment coefficients are undesirable 
both because of the structural requirements of the wing and because of 
the fact that the down load on the tail required to trim out the pitching 
moment detracts from the lift of the wing. Low aerodynamic loads on 
the flaps are desirable both from strength considerations and operating 
requirements. Both the pitching moments and the flap loads are a 
direct result of the same phenomena that produce the lift, however, and 
for a given type of flap very little can be done to reduce either of 
these. 


SYMBOLS 


c airfoil chord 

x distance along airfoil chord 

c a slot-lip extension, distance along chord line from leading 

edge to end of slot lip, fraction of airfoil chord 

c f flap chord, fraction of airfoil chord 

c v vane chord, fraction of airfoil chord 


E 


ratio of flap chord to total airfoil chord 
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t/c 

cl 


Cl max 

c l 


c l< 


‘■max 


Aci 


•■max 


c l. 


max 


opt 


Ac 7 

m^opt 


airfoil thickness ratio 

lift coefficient 

TriHYlmirm lift coefficient 

section lift coefficient 

design section lift coefficient 

mBY imiim section lift coefficient 

increment of maximum section lift coefficient 

optimum maximum section lift coefficient, highest maximum 
lift coefficient measured for a given airfoil-flap 
combination 

optimum increment of maximum section lift coefficient 


<1 

P 


b 


bi/ai 


1 

^o 


C D 

C d 

C m 

c hf 


stream dynamic pressure 

coefficient of pressure difference across airfoil (Sy - Sy, 
vhere Sy and Sy are surface pressure coefficients on 
the upper and lower surfaces of the airfoil at a given 
point along the chord) 


variation of hinge-moment coefficient vith flap 
/y dciA 
deflection ( ^ 1 

variation of hinge-moment coefficient with lift 
coefficient ^Lcy/dcj) 

variation of flap normal-force coefficient with flap 
deflection (dc n /d&) 

variation of flap normal-force coefficient with lift 
coefficient (dc n /dc ^ 

drag coefficient 


section drag coefficient 

section pitching-moment coefficient 

section flap hinge -moment coefficient 
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Ac^ increment of section flap hinge-moment coefficient 

c n ^ section flap normal-force coefficient 

Ac nf increment of section flap normal-force coefficient 

Sf flap deflection 

5f flap deflection at which highest maximum lift coefficient 

is measured 

5 V vane deflection 

Xf, yf horizontal and vertical positions of flap leading edge 

(figs. 24 and 4o) 

x v , yv horizontal and vertical positions of vane leading edge 

(fig. 40) 

E Eeynolds number 

A aspect ratio 


FLAP THE OEY 


The basic theoretical treatment of the effects of flaps on the 
characteristics of airfoils was made by Glauert (references 2 and 3) 
by an extension of the thin-airfoil theory. This analysis led to 
expressions by which the lift, pitching moment, and flap hinge moments 
can be calculated. This thin-airfoil theory gives the value of the 
pressure difference at any point x along the chord for the airfoil 
with flap deflected in terms of the stream dynamic pressure q. as: 


00 

4(1 + cos 9) Z' + it - Po ^N + \ 

sine J V it J * ^ 


86 sin n9 0 sin nd 


and for the flap neutral case: 


4(1 + cos e) 


sin 6 


The incremental load distribution caused by flap deflection is then 


?6 = 


4(1 + cos e ) (k - e Q ) 
n sin e 


8 sin ne n sin n0 
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where 



a angle of attack measured to undeflected part of chord line 

x distance along chard from leading edge 

9 0 value of 9 at flap hinge 

cos 9 Q = -(l - 2E) 

sin 9 0 = 2 /E(l - E) 



c 


5 flap deflection 


Definitions of the parameters a, 6, and E are shown in figure 1. 

This incremental load distribution may now be considered as the sum of 
two components, an incremental additional distribution and an incremental 
basic distribution thus: 


' a 5 


U(w - 9p)(l + cos 9) 
_ n sin 9 


and 


P »6 = 


II 

n=l 


8 sin nfl Q sin n 9 
rut 


The load distribution P a ^ may be seen to be identical to the load 

distribution caused by changes in the angle of attack of the plain 
airfoil and indicates a change in ideal angle of attack equal to 

- 0 O )5 caused by the flap deflection 5. Glauert’s expression 

for the lift increment (at constant angle of attack) caused by 
deflection of a flap is: 


>lg = 2 l^it - 0 O ) 


sin 6 t 


>] 


+ 
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which may also "be "broken up into the components: 


cj = 2(n - 9 0 )5 
a 5 


and 



- 2 sin 0 O 5 


The values of the pressure-difference coefficients for unit incremental 
lift coefficient may then be expressed as 


and 



2(1 + cos 9 ) 
« sin 0 



k 

jt sin 0 O 


I 


sin T 0 O sin n0 
n 


which may be reduced to 

^5 2 

1 = log e 

c « sin 0 O 


sin |(0 O + 0) 
sin |(0 O * 0) 


The thin-airfoil theory indicates that these increments in load distri- 
bution will he the same regardless of the original shape of the mean 
line. Fran these equations, therefore, the theoretical incremental load 
distribution may be calculated for any airfoil section equipped with a 
plain flap. 

The pitching-moment increment has been derived by Glauert as: 

Ac m = ”1 (® in 0 ° “ 2 sin 200 ) 8 


For convenience in analysis, the pitching-moment increment caused by 
flap deflection is frequently expressed as a function of the lift 
increment caused by flap deflection. The ratio of pitching-moment 
increment to lift-coefficient increment provides the relation 



5(3 in 0 O " \ sin 20 o ^) 
[(« - 0 O ) + sin 0 q] 


5 
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This equation shows that the ratio of pitching-moment coefficient increment 
caused "by flap deflection to lift-coefficient increment caused hy flap 
deflection is a constant for any given flap and is a f unction only of the 
flap-chord ratio. 

The hinge moment of the flap was determined hy considering only 
that part of the load over the flap itself and results in the equation: 


Ch 



2b & 


where 

*1 

a l 


h 


1 

nE 2 


(j ' E) /E(l - E) - Q, - 
2(1 - E) /E(l - E) 


itE 


[ 1 - 


arcos 



/i" - /e(i - E)J 


Values of b^/a^ and h are shown plotted against flap-chord ratio E 
in figure 2. 


In reference 4, Pinkerton developed equations for the normal-farce 
coefficient an a deflected flap on the basis of the thin-airfoil theory 
hy integrating the load distribution over the flap- This integration 
results in an equation for the flap normal force similar to Glauert's 
equation for the flap hinge moment: 


Cap * "Ho 0 ! " T l 5 


where 


° n(l + cos &o) 


(« - 0 O - sin 9 0 ) 


n = 


-j; — r \ sin 2 0 o U + cos 0 o) + 2 Z_ 

n(l + cos 0 O ) 1 ^2 

a 


sin 9p sin nOp cos n0 o 

/-> 

if - 1 


cos 9 0 sin n0 o 
n(n 2 - l) 


J 
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A general summation of the series term in the expression for q has not 
been found so that approximate methods of calculation have been used to 
calculate these values. Values of r\ and q G are shown plotted 
against E in figure 3 • 

An examination of Glsuert's equations for the load distributions 
caused by deflection of a plain flap indicates that infinite pressures 
are encountered both at the leading edge and at the flap hinge. A 
better indication of the actual flow conditions could be obtained if the 
pressure distributions were calculated by the thick-airfoil theory of 
Theodorsen (reference 5)- This process, however, is extremely laborious 
and breaks down just as the thin-airfoil theory does when the flow 
separates from the airfoil. In reference 6, a method has been derived 
by Allen for rapidly computing the load distribution over airfoils with 
flaps. This method is based on an empirical relation between the 
theoretical load distribution and experimentally determined values. For 
all flap deflections at which the flap is unstalled, a single relation 
was found to applyj but at higher deflections, a different relation 
must be used for each flap angle. In the application of this method, 
the load distribution is related directly to the lift-coefficient 
increment rather than the flap deflection which was used in Glauert's 
theoretical treatment. The flap deflection is important only at high 
deflections where it determines the shape of the empirical relation 
between the theoretical and experimental results. The lift-coefficient 
increment must be determined from force tests and the division of the 
lift increment between incremental additional and incremental basic 
components is accomplished by the use of the experimental pitching- 
moment. increment and empirically determined locations for the centroid 
of the incremental basic load. 

Data required for the application of this method to the determination 
of load distributions are the lift and quarter-chord pitching moments at 
a given angle of attack for the airfoil with the flap both retracted and 
deflected, and the class of additional distribution to be used. The 
class of additional distribution to be used for conventional airfoil 
sections is given in reference 6 and computed additional distributions 
(in the form Av a /V, the nondimens ional local increment of velocity 

caused by additional type of load distribution) for a number of 

NACA sections, both conventional and low drag, are given in reference T« 

The lift and moment coefficients given are assumed equal to c n ^, c^, 

Cn 2 > and cmp as shown in diagrams (a) and (b) of figure 4. The 

assumption is made that the normal force and pitching moments corre- 
sponding to the distribution of figure 4(c) are not significantly 
different from those of figure 4(a). Then (fig. 4(d)): 

A c m = eng “ c mp 

A°n = c n2 " c n^ 
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These Incremental coefficients ere then converted to coefficients 
corresponding to the distribution shown in figure 4(e) by means of 
the f oU owing equations: 


Acjh* - T m Ac m 

= ^n + T n 


The factors T n and T m are given in tables V and VI of reference 6- 
The incremental basic normal-force distribution is responsible for the 
entire incremental pitching-moment coefficient Ac m ' and the magnitude 
of the Incremental basic normal -force coefficient is therefore determined 
from the equation 



Ac. 


m 


i 


G 


where G is equal to the distance of the centroid of the incremental 
basic normal-force distribution frcan the quarter-chord axis and is 
given for various flap-chord ratios and flap deflections in table TV 
in reference 6. The incremental additional normal-force coefficient is 
then equal to: 


Cn a 6 = ‘ cn^ 


The values of the pressure difference coefficient in terms of the stream 
dynamic pressure q may then be obtained from 

p !2§l 

6 ' '■O’** 

and 

tv 

' c m> 6 b5 > 

and the values of Pa$/ C nag and Pbg./crrbg are obtained from references 
or -7* It is shown in reference 6 that the values of end G 
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change with a change in flap deflection, whereas the theory would 
indicate that these values should he independent of flap deflection for 
a given flap-chord ratio- These differences are caused hy the fact 
that above a deflection of about 15° the flow begins to separate at 
the flap hinge- The values in the range where no separation is encountered 
are the same regardless of flap deflection. The value of 15° as a limit 
for the flap deflection where unseparated flow exists should be used 
with caution since a number of factors, including Reynolds number, 
surface condition, and leaks at the flap hinge can have a large effect 
on the flap deflection at which this separation begins. Distributions 
are also given in reference 6 for airfoils with split flaps based on 
the assumption that the flow over a split flap should be the same as 
the flow over a plain flap with a boundary layer over the flap of 
thickness equal to the distance from the airfoil upper surface to the 
flap lower surface. The analysis reported in reference 6 showed that 
above a flap deflection of about 40° the load distributions for plain 
and split flaps were identical. 

The incremental flap normal force and hinge moment caused by flap 
deflection are equal to the sums of the contributions to each from 
the incremental basic and incremental additional normal-force distributions. 
The flap normal-force coefficient and flap hinge moment are equal to: 


=% 6 - 7 **°**i + 


c h f& - + Tb8 Cn b 6 



The values of the factors y and t) are given in reference 6- 

Comparisons of experimental data with loads and distributions 
calculated by this method show that excellent agreement is obtained 
for plain flaps when the proper assumption is made as to whether or not 
the flap is stalled. Similar comparisons made for split flaps show that 
although the over-all effects of the flap are shown quite well over the 
forward part of the airfoil, rather large discrepancies are noted over 
the rear with the result that loads and moments predicted in this 
manner are not accurate. 

By using the assumption that a slotted flap is merely a plain 
flap with a boundary -layer control slot, and considering the chord to 
be equal to the total chord of wing with the flap extended, some com- 
parisons have been made for slotted flaps which show again that the 
over-all effect is predicted to an accuracy suitable for wing structural 
purposes but with large differences near the flap where flow through the 
slot can affect the load distribution. The flap loads for slotted flaps 
are indicated with only qualitative accuracy. 
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DISCUSSION OF EXPERIMENTAL 

RESULTS 

PLAIN FLAPS 


The plain flap is one of the simplest lift-increasing devices in 
use, consisting merely of a hinged part of the wing near the trailing 
edge which can be deflected downward to increase the camber and, therefore 
the lift- The only fundamental design parameters (aside from airfoil 
section and Reynolds number) which can have an effect on the performance 
of a plain flap are the flap-chord ratio and the angle to which the flap 
is deflected. 


Maximum Lift 

Curves of maximum lift coefficient are shown plotted against flap 
deflection for various sizes of plain flaps on several airfoil sections 
in figure 5* Generally, the maximum lift coefficient is shown to increase 
with flap deflection to a maximum at a flap deflection of about 60° 
or 70° except for the largest flap (0. 60c) which increases the maximum 
lift coefficient only for very small deflections. 

A comparison of the increments in max imum lift coefficient for 
the NACA 23012 airfoil with 0.20c flaps at Reynolds numbers of 0.609 x 10 

and 3*5 x 10^ shown in figure 6 indicates that, in this range of 
Reynolds number at least, the maximum-lift-coefficient increment is 
essentially independent of scale- Optimum maximum-lift-coefficient 
increments (the highest maximum-lift-coefficient increments attained) 
are plotted against flap-chord ratio for the three NACA 230-series and 
the Clark Y airfoils in figure 7 on the basis of the rather meager 
data available. These data show that the best maximum lift coefficients 
are attained with flaps of 0.20c or 0.25c and that the maximum-lift- 
coefficient increment increases with airfoil thickness ratio for the 
NACA 230-series airfoils in the range of thicknesses shown. The data for 
the NACA 66(2l5)-2l6 (fig. 5) airfoil seem to agree with the incr eme nt 
for an NACA 230-series airfoil of similar thickness and although the 
NACA 65,3"6l8 airfoil shows lower increments, the value of the highest 
maximum lift coefficient for this airfoil is nearly as high as that of 
the NACA 66(215) -21 6 airfoil. 

A gap between the airfoil and flap at the flap hinge allows air to 
leak through from the high pressure on the lower surface to the lower 
pressure on the upper surface and decrease the effectiveness of the flap. 
Maximum-lift data from reference 10 are shown in figure 8 for an airfoil 
with a 0-20c plain flap with a 0.0032c gap both sealed and unsealed. 

The maximum lift coef ficients are higher In all cases wiuh the gap 
sealed and the decrement in maximum lift coefficient caused by the gap 
increases as the flap deflection is increased. 
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Drag 

The effect of flap size on the drag coefficients of airfoils 
equipped with plain flaps is shown in figure 9- Envelope polars of 
total -wing drag coefficient are shown for a Clark Y wing of aspect 
ratio 6 equipped with 0*10c, 0.20c, and 0 . 30 c full-span plain flaps. 
These data indicate an increase in drag coefficient with flap size at 
any lift coefficient above about 1.2. A large part of the drag of 
airfoils equipped with deflected plain flaps is caused by the fact 
that the flow over the flap separates at relatively low deflections 
(of the order of 15° or 20°). The higher drags of the larger flaps 
are therefore probably a result of a larger separated area and a 
larger wake. 

Drag data on an NACA 23012 airfoil fitted with a 0.20c flap are 
shown in figure 10 at two values of the Reynolds number. These data 
show that the favorable effect of increasing Reynolds numbers extends 
throughout the entire range of lift coefficient. It should be noted 
that the effective Reynolds number of 8.4 x 10^ given ‘in figure 10 
corresponds to a test Reynolds number of approximately 3 x lO^. 

Any conclusion concerning the effect of Reynolds number based on these 
data is subject to the limitations of the concept of effective Reynolds 
number . 

Drag polars for several low-drag airfoils equipped with plain 
flaps are shown in reference J. These data show that the low-drag 
range of smooth low-drag airfoils can be shifted to higher lift coef- 
ficients by small deflections of a plain flap. It is obvious therefore 
that it should be possible to use a flap of this type to maintain low 
profile drags through a wide range of lift coefficient. 


Pitching Moment 

The ratio of pitchixg-moment increment to lift increment caused 
by deflection of a plain flap has been shown by Glauert to be a constant 
for any given flap and to be dependent only on flap-chord ratio. 
Experimental data indicate that this linear relation of pitching moment 
to lift is actually obtained. Figure 11 shows a curve of the theoretical 
slope Ac m /Ac 2 plotted against flap-chord ratio along with several 
experimental values- The agreement is shown to be reasonably good. 


Flap Loads and Moments 

The method derived by Allen for predicting flap loads and moments 
has been summarized in the section on flap theory. Flap normal forces, 
taken from reference 11, at an angle of attack of 0° are shown in figure 12 
along with the normal forces calculated by Allen's method. These results 



NACA RM No. L8D09 


1? 


show very good agreement between calculated and experimental results. 
Similar comparisons between experimental flap loads and loads calculated 
by means of the thin-airfoil theory show great discrepancies- The 
large errors resulting from the use of the thin-airfoil theory can 
probably be ascribed to the fact that the thin-airfoil theory bases 
all results merely on the flap deflection. Because of separation of 
the flow from the airfoil surface, flap deflection is not so effective 
for increasing the loads on the wing as would be indicated by the 
perfect-fluid theory. 

Hinge moments for plain flaps are subject to the same differences 
between the ideal conditions and those normally encountered in practice- 
The same sort of comparison could therefore be expected between the theory 
and experiment. Data are shown in figure 13 for the 0.20c flap on the 
NACA 23012 airfoil and again show good agreement with predictions 
based on Allen's empirical method. 


Summary of Plain-Flap Data 

Maximum lift coefficients for airfoils with plain flaps are shown 
to increase with flap-chord ratio to a maximum at a flap-chord ratio 
of about 0.20c to 0.25c- The highest maximum lift coefficients for 
airfoils with flaps of about this size usually occur at flap deflections 
of about 60°. Within a range of Reynolds number from 0.6 x 10^ 
to 3*5 x 10 6 at least, scale seems to have little effect on maximum- 
lift-coefficient increments caused by deflection of a plain flap. 

Rather meager data for NACA 230-series airfoils show that the highest 
maximum-lift-coefficient increment attainable with plain flaps of a 
given size increases as the airfoil thickness is increased. Drag 
coefficients are shown to increase appreciably with flap size for 1 
lift coefficients above about 1.2 and available data indicate that 
favorable scale effects are obtained throughout the complete range of 
lift coefficient. The increment of pitching-moment coefficient caused 
by flap deflection is a linear function of the increment of lift coef- 
ficient and the ratio of pitching moment to lift agrees reasonably well 
with the thin-airfoil theory. Flap normal forces and hinge moments 
may be predicted with good accuracy hy the method derived by Allen 
in reference 6- 


SPLIT FLAPS 


A split flap is similar to a plain flap in that it is formed merely 
by a hinged part of the wing near the trailing edge- To form a split 
flap, however, only the lower part of the wing is hinged, the upper 
surface remaining in place- The increase in lift caused by deflection 
of a split flap is a result of an increase in the effective camber of 
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the airfoil section just as is the case for plain flaps. The important 
design parameters vhich will affect the aerodynamic characteristics 
of a wing section with a split flap are, therefore, the flap-chord 
ratio and the flap deflection. 


Maximum Lift 

The effect of flap deflection on the maximum lift coefficients 
of NACA 23012, 23021, and 23030 airfoil sections with split flaps 
ranging in size from 0.10c to 0.40c are shown in figure 14 (data 
from reference 13) and optimum increments in maximum lift coefficient 
are shown plotted against flap-chord ratio in figure 15* Although 
the increments of maximum lift coefficient are considerably higher 
for thick than for thin sections, the values of maximum lift coefficient 
vary in a different manner with thickness because of the decrease in 
maximum lift coefficient of the airfoil with flap undeflected as the 
thickness is increased. These data show that as the airfoil thickness 
is increased increments of maximum lift coefficients, flap deflections 
for maximum lift, and the size of flap that provides the highest 
increment of maximum lift coefficient also increase. For any given 
airfoil section the flap deflection at which the highest maximum lift 
coefficient was measured decreased as the size of flap was increased. 

A comparison of the data in figure 14 with the data shown previously for 
plain flaps (fig. 5) of similar size shows that higher maximum lift 
coefficients are obtained for airfoils with split flaps than with plain 
flaps and that the optimum maximum lift coefficients are obtained at 
higher flap deflections and higher flap-chord ratios. The reason for 
the higher maximum lift coefficients obtained with split flaps can 
probably be attributed to the fact that the upper surface of the wing 
is not disturbed and the flow is not required to follow an abrupt 
curvature down over the flap. The flow over the flapped part of the 
airfoil, therefore, has a tendency to remain unstalled up to higher 
flap deflections and higher flap-chord ratios for split flaps than for 
plain flaps. Maximum-lift data from reference 14 are shown in figure 16 
for three NACA 6-series airfoil sections equipped with 0.20c split 
flaps. These data indicate the same tendency toward higher optimum 
deflections for thicker airfoils as was shown by the NACA 230-series 
sections. 

In order to provide a simple means for showing the effect of flaps 
on airfoil section characteristics, all the airfoils tested in connection 
with the low-drag airfoil program (reference 7) have been tested 
with 0.20c split flaps deflected 60°. With some types of flap (particu- 
larly slotted) a change in airfoil shape also changes the shape of the 
flap that may be fitted into the available space and, therefore, changes 
the characteristics of the airfoil-flap combination. The systematic 
split-flap data should be useful, however, for showing the manner in 
which airfoil parameters alone affect the characteristics of airfoils 
with flaps. 
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The effects of thickness ratio and camber on maximum lift coef- 
ficients of NACA 6k-series airfoil sections with and without 60° split 
flaps are shown in figure 17 (data from reference 7)* These data 
show that although the maximum lift coefficients of the plain airfoil 
sections decrease as the thickness ratio is increased above about 0.12, 
the maximum lift coefficients of the flapped airfoils continue to 
increase to thickness ratios of at least 0-l8. Increases in design 
lift coefficient are shown to increase maximum lift coefficients of 
both the plain and the flapped airfoils by an equal amount for airfoils 
of low and moderate thicknesses. At the higher thicknesses, however, 
the effect of increasing camber is smaller and for the 21-percent- 
thick airfoils is actually to decrease the maximum lift coefficients 
with flaps deflected. Maximum lift coefficients for NACA 23012 and 
NACA 23015 airfoil sections are also shown in this figure* The 
maximum lift coefficients for the NACA 230-series sections are shown 
to follow the same trend as the NACA 6-series sections. The variation 
of maximum lift coefficients with position of minimum pressure for 
NACA 6-series sections is shown in figure 18. In most cases these data 
indicate a small decrease in maximum lift coefficients of both the plain 
and flapped airfoils regardless of thickness ratio as the position 
of minimum pressure is moved to the rear* 

The fact that all of the flap data shown in figures 17 and 18 
were obtained with 0*20c flaps deflected 60° prevents a complete 
indication of the effects of airfoil section on maximum lift coef- 
ficient since both the optimum flap size and optimum deflection change 
with changes in airfoil thicknesses as shown in figure 15* This fact 
iB particularly true of the data shown in figure 17 since both the 
flap-chord ratio and flap deflection for highest maximum lift coefficient 
increase as the airfoil thickness ratio is increased. The optimum 
maximum lift coefficients should, therefore, increase even more rapidly 
with thickness ratio than the maximum lift coefficients shown. 

Data are shown in figure 19 on the effects of Reynolds number 
variation on the maximum lift coefficients of several NACA airfoil 
sections. Throughout the range of Reynolds number shown, maximum 
lift coefficients of both the plain and flapped airfoils in the smooth 
condition increase as the Reynolds number is increased, but not by a 
constant amount nor in any apparently predictable manner. The effects 
of scale on the maximum lift coefficients of NACA 6-series sections 
seem to be similar to those of conventional NACA 230-series sections. 

The effect of Reynolds number on the maximum lift coefficients 
of several NACA airfoils with standard leading-edge roughness and 
split flaps is also shown In figure 19* The effect of Reynolds number 
in increasing the maximum lift coefficients of these airfoils is 
decreased by the addition of standard roughness and seems to be approxi- 
mately the same for each of the airfoils for which data are shown. A 
comparison of the data for smooth and rough airfoils in figure 19 shows 
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that the decrease in maximum lift coefficients of airfoils with split 
flaps increases as the Reynolds number is increased and that the 
effect of roughness on the maximum lift coefficients of NACA 230-series 
sections is greater than that on NACA 6-series sections, but not enough 
to make the actual values of the maximum lift coefficients lower- 


Drag 

Envelope drag polars for an NACA 23012 airfoil equipped with 
various sizes of split flaps are shown in figure 20- These data 
indicate that the drag coefficients of airfoils equipped with split 
flaps increase as the flap size is increased. These higher drags are 
probably caused by the increased size of the wake behind larger flaps 
as is the case for plain flaps. 

Envelope drag polars shown in reference 13 for flaps of various 
sizes on NACA 23012, 2 3.021, and 23030 airfoils show that the drags 
of thicker airfoils with split flaps deflected are higher than those 
of thinner airfoils except in cases where the thinner airfoils tend to 
stall at lower lift coefficients than the thick sections. 


Pitching Moments 

The ratio of pitching-moment increment to lift-coefficient increment 
caused by deflection of split flaps of various sizes on several 
NACA 230-series airfoil sections is shown in figure 21 (data from 
reference I3). These data show that the pitching moments of airfoils 
with split flaps do not agree with the theory as well as those with 
plain flaps but that the general order of magnitude of the pitching 
moments and the manner of variation with flap-chord ratio agree fairly 
well with the theory. This discrepancy may be explained by the fact 
that the rear part of an airfoil with a split flap deflected presents 
a very thick, blunt body rather than the thin mean line which is assumed 
in the theory and which is at least approximated by plain flaps. 


Flap Loads and. Moments 

The methods for predicting flap loads and moments which are based 
on the thin-airfoil theory could not be expected to provide a good 
indication of split-flap loads since the -pi assure difference across 
the flap is not, in this case, equal to the pressure difference across 
the whole sirfoil or, as the theory assumes, across the mean line. 

A comparison of some split. -flap load data with loads predicted by the 
method given in reference 6 and described in the section on flap theory 
shows that, although fair agreement can be obtained at low flap deflections, 
the predicted values are considerably higher than the experimental 
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results at high deflections. Pressure distrihutions and flap force 
and hinge -moment characteristics for a 0-20c split flap on the 
HACA 23021 airfoil are shown in reference 15* 


Extensible Split Flaps 

An extensible split flap is a split flap provided with a movable 
hinge which is moved to the rear as the flap is deflected. The purpose 
of displacing the hinge is to provide a larger area and, therefore, 
greater lifts. Maximum lift coefficients taken from reference 16 are 
shown in figure 22 for a Clark 1 Y airfoil equipped with split flaps 
of 0.20c, 0.30c, and 0.40c hinged at various positions from the normal 
hinge position to the trailing edge. Sizable increases in maximum lift 
coefficient (as high as 0*3 for the 0.40c flap) are produced by the 
extension of the chord in this way, increases being noted for the 0.20c flap 
for each extension of the flap hinge from the normal hinge axis to the 
trailing edge although the larger flaps produced increases for extensions 
of the flap hinge only to 0-90c. 

Because of the fact that the extensible split flap is extended to the 
rear as it is deflected, the effective area of the wing behind the normal 
quarter-chord point is increased and the negative pitching moments 
became larger. Data are shown in figure 23 (frcan reference 16) on the 
effect of split flap extension on the pitching-mcanent-coefficient 
increments caused by deflection of the flap. The increment in pitching- 
moment coefficient is shown to be a linear function of the increment in 
lift coefficient, and the slope of the curve Ac m /Acj is shown to increase 

as the flap hinge is moved to the rear- 


Summary of Split-Flap Data 

Split flaps are shown to provide higher maximum lift coefficients 
than plain flaps. Maximum lift coefficients, flap deflections for 
maximum lift, and best flap size increase as the airfoil thickness ratio 
is increased. Larger flaps showed higher maximum lift coefficients 
than smaller flaps and the highest maximum lift coefficients were 
obtained at lower flap deflections than with small flaps. Maximum lift 
coefficients of NACA. 6-series sections with 60°, 0.20c flaps are shown 
to increase with airfoil thickness ratio up to thickness ratios of 
about 0.l8c. Increase of camber Increases maximum lift coefficients of 
thin airfoils, but this effect decreases as the airfoil thickness is 
increased- Leading-edge roughness has been shown to decrease the favorable 
scale effect on maximum lift coefficients of airfoils with split flaps • 
Increases in flap size or airfoil thickness ratio show increases in 
drag coefficients of airfoils with flaps deflected. Pitching-moment 
increments of airfoils with split flaps are of the same order of magnitude 
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as shewn by the thin-airfoil theory, but the agreement with the theory 
is not so good as that shown by the plain flaps. Displacing a split 
flap to the rear as it is deflected increases both maximum lift coef- 
ficients and pitching moments. 


SLOTTED FLAPS 


Slotted flaps are roughly similar to plain or split flaps insofar 
as they increase the lift of an airfoil by increasing the camber and in 
some cases by an increase in the chord. The slotted flap, however, is 
provided with a slot which delays the tendency of the flow to separate 
from the flap by ducting high-energy air from the lower surface and 
utilizing it for boundary- layer control on the flap upper surface . 
Deflection of slotted flaps may be obtained either by pure rotation 
about a fixed hinge or by a combination of translation and rotation. 
Slotted flaps in general use may be divided into two general classes 
based merely on the number of slots. Single slotted flaps are, as the. 
name suggests, flaps which are attached to the main portion of the wing 
in such a way as to provide a slot forward of the flap when the flap 
is deflected. Double slotted flaps are provided with a vane forward 
of the flap so that a double slot is formed when the flap is deflected. 


Single Slotted Flaps 

A typical single-slotted-flap configuration is shown in figure 2b. 
The part of the wing upper surface which extends over the flap when 
retracted is called the slot lip. The effective increase in chord 
provided by some slotted flaps is obtained by the use of an elongated 
slot lip. The point where the airfoil is first cut away to form the slot 
on the lower surface is called the slot entry. Slot entries are often 
made with very small radii of curvature or provided with skirts to 
fair over the gap in the lower surface when the flap is retracted. By 
minimizing the gap, the lower surface is made as smooth as possible so 
that there is little increase in drag over that of the smooth airfoil. 

' Since a slotted flap increases the maximum lift by a combination 
of increased camber, increased chord, and boundary -layer control 
provided by flow through the slot, the important design parameters are 
flap deflection, flap size, the chordwise position of the slot Up, 
and the efficiency of the flow through the slot in providing boundary- 
layer control. The boundary-layer control action of the flow through 
the slot depends on. the shape of the passage through which the air 
must flow- The shape of this passage is made up of a combination of 
slot-entry shape, slot-lip shape, flap-nose shape, and the position of 
the flap with respect to the slot lip. Airfoil shape can be expected 
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to have a greater effect on the characteristics of slotted flaps than 
on those of plain or split flaps because of the fact that the airfoil 
shape determines to same extent the shape of the flap and slot configu- 
rations. Changes in Reynolds number can also have different effects on 
the characteristics of slotted flaps frcm those on the characteristics 
of plain or split flaps because of the scale effect on the flow through 
the slot. 

Max i m u m lift . - Because of the large number of unrelated combinations 
of airfoils and slotted flaps for which data are available, a summary of 
maximum lift coefficients that have been obtained frcm various combinations 
is given in table I. Flap size, slot -lip extension, the deflection and 
position of the flap with respect to the slot lip, Reynolds number at 
which the tests were run, and rough classifications of slot-entry shape 
and flap-nose shape are tabulated along with notations as to whether the 
flap was located at its best maximum lift position. References from which 
the data were obtained are also given in the table. Maximum lift coef- 
ficients of airfoils with slotted flaps are shown to be considerably 
higher than those of the same airfoils equipped with plain or split 
flaps of comparable size. The advantage of the higher maximum lift 
coefficients must be balanced, however, against the added complication 
of provi ding external brackets to hold the flaps or of more complicated 
mechanisms required to operate the flap. 

Maximum lift coefficients are shown in figure 25 plotted against 
flap deflection for the NACA 23012 airfoil section with various sizes 
of slotted flaps and in figure 26 for two NACA 6-series airfoils with 
slotted flaps. These data show that the flap deflections for maximum 
lift coefficients of airfoils with slotted flaps vary over a range of 
from about 30° to over 60°. Although no rigid variation of optimum 
deflection with flap size or slot-lip extension can be shown, it may 
be seen from the data in table I that flaps with the slot lip extended 
to the trailing edge seem to show their highest maximum lift coefficients 
at lower flap deflections than with shorter slot -lip extensions. 

The effect on maximum lift coefficient of increasing the effective 
chord of the airfoil-flap combination is shown in figure 27 for various 
flap combinations on the NACA 23012 airfoil section. The maximum lift 
coefficients are all based on the chord of the airfoil with flap 
completely retracted. Maximum lift coefficients are shown to increase 
as the total chord is increased either by increasing the flap chord or 
the slot-lip extension. Increases in flap size above about 25 percent 
of the airfoil chord are shown to have much smaller effects on maximum 
lift coefficients than increases in the lower range of flap size. 

Increases in slot-lip extension, however, seem to be more effective as 
the slot lip is extended toward the trailing edge. Although the variations 
of maximum lift coefficient shown in figure 27 cannot be expected to hold 
strictly for different types of airfoil section, the variations Bhown 
are probably indicative of the results to he expected from conventional 
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airfoils of normal thicknesses. The use of thinner airfoils, however, and 
particularly thin NACA 6-series sections, presents added difficulties 
"because of the very thin flaps and very sma.1 1 leading-edge radii of 
the flaps that can "be fitted into the available space. The data shown 
in table I for 25-percent-chord flaps on the NACA 65“210 airfoil section 
with various slot-lip extensions show that no increase in maximum lift 
coefficient is obtained by increasing the slot -lip extension from 
84 percent chord to 97-5 percent chord. 

The most favorable shape for the passage through which the air must 
flow from the lower surface over the flap is an extremely complex 
problem since it involves a combination of several variables, each of 
which can have a large effect on the flow condition produced by each of 
the other variables. These variables include flap shape, slot-entry 
shape, slot-lip shape, and flap position. 

Data are given in references 19, 20, and 21 on the maximum lift 
coefficients produced by slotted flaps of various shapes. No strict rules 
can be set down for the design of flap shapes, but from the data given 
in these references, it is generally observed that a flap-nose shape 
similar to the shape of a good airfoil will provide good maximum lift 
characteristics . 

Slot-entry shapes can have a large effect on maximum lift coef- 
ficients since any separation of the flow at the slot entry can block 
off a portion of the slot passage- Data are available in references 19 
to 28 which show the effects of various slot~entry shapes on maximum 
lift coefficients. Data in references 20, 23 to 25, and 28 show maximum 
lift coefficients that have been obtained on NACA 23012, 66,2-216, 

23021, and 23030 airfoil sections equipped with slotted flaps and with 
both smoothly rounded and sharp slot entries. In these references, the 
best position of the flap was determined with each of the slot entries. 
Neither the 0.12c-thick nor the 0.l6c-thick airfoils showed any difference 
in best maximum lift coefficient although the position of the flap at 
which the best maximum lift coefficient was measured changed considerably. 
Both the 0.21c-thick and the 0-30c-thick airfoils on the other hand 
showed large effects of slot-entry configuration. These data would 
seem to indicate that the airfoil thickness or the depth of the flap 
well (opening into which flap retracts) would determine whether or not 
the slot entry has an effect on the maximum lift coefficient. For the 
thick airfoils where the slot-entry configuration can have an effect, 
the smoothly rounded entry provides the highest maximum lift coef- 
ficient in each case. Data from reference 27 are shown in figure 28 for 
an NACA 66,2-116, a = 0-6 airfoil equipped with a 0.25c slotted flap 
with three different lengths of slot -entry skirt. These data show 
that with the flap located at an arbitrary position, the maximum lift 
coefficient was lowered by each progressive extension of the slot- 
entry skirt. 
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Slot-lip shape can effect the maximum lift coefficients of airfoil- 
flap combinations to a large extent and it is felt that the most 
important requirement of a good slot-lip shape is that it should serve 
to direct the air flow down over the flap. Data are shown in figure 29 
far an airfoil with a slotted flap with the slot lip in its normal 
configuration and bent down various amounts. These data show that 
the maximum lift coefficient is increased by bending the slot lip 
down, although too great a bend causes the maximum lift coefficient to 
drop off. It is believed that the limit in the effect of bending down 
the lip is reached when the flow over the lip itself separates. 

The flap location affects the maximum lift coefficient, of course, 
by changing both the shape and size of the passage through which the air 
flows from the lower surface. The best flap position will, therefore, 
be different far each different condition of slot entry, slot lip, 
and flap-nose shape. No general conclusions can be drawn concerning 
the best location of a slotted flap although the data available in 
references 19, 20, and 23 to 34 should be useful for the design of 
the best flap location for airfoil-flap combinations similar to those 
for which data are available. Generally, it may be said that the best 
location of a flap of a given shape will be a location which, when 
combined with the slot lip and slot entry, will provide a converging 
passage and allow the flow to be directed down over the flap. Data in 
figure 30, far instance, show lift characteristics of an airfoil-flap 
combination for which the slot does not form a converging passage. A 
comparison of these data with those in table I for airfoils of similar 
thickness shows the low maximum lift coefficients obtained with a flap 
configuration of this type. Contours of flap position for maximum 
lift coefficient are shown in figure 31 for two airfoil sections equipped 
with various configurations of slotted flaps. These contours indicate 
the sensitivity of the maximum lift coefficient to small changes in 
flap position and the accuracy with which the flap must be built and 
located. 

Airfoil shape can have a large effect on the effectiveness of 
slotted flaps. There are not, however, enough data for flaps of similar 
size and shape to show fully the effects of the various airfoil design 
parameters on the maximum lift coefficients of airfoils with slotted 
flaps. Some data are shown in figure 32 for NACA 230 -series airfoils 
of various thicknesses with flaps of two different sizes and a few 
data for various NACA 6 -series sections with 0 . 25 c slotted flaps. 

Although not at «n conclusive, these data for NACA 6-series seem 
to show a greater effect of thickness ratio than was previously indicated 
(reference 25 ) by the NACA 230-series data. While a part of the differences 
between the 230-series sections and the 6-series sections might be 
attributed to the higher Reynolds number at which the latter data were 
obtained, data in reference 21 on the 0.21c-thick 6-series airfoil show 
that even at a Reynolds number of 2.0 x 10 6 the maximum lift coefficient 
of this airfoil is apove 3*0* 
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Data on the effect of Reynolds number on the maximum lift coef- 
ficients attainable with slotted flaps are given in references 19 to 21, 

25, 26 , and 32 to 36 . The greater part of these data covers Reynolds 

numbers from about x 10 ^ to 10*0 x 10^. A few data are given, 

however, for higher Reynolds number- Maximum lift coefficients are 
shown plotted against Reynolds number in figure 33 for two NACA 6 series 
airfoils with slotted flaps. In both of these cases, the scale effect 
with flap deflected is approximately the same as that for the plain airfoil. 
This similarity cannot be considered to be true in the general case, 
however. There are some indications that the best maximum-lift position 
of a slotted flap may change with changes in Reynolds number as shown 

in reference 33- From these data it is seen that for the change in 

Reynolds numbers shown (from 2.4 to 9*0 x 10 6 ) , an appreciable change 
in best position for maximum lift is noted and that for this airfoil- 
flap combination, at least, the best position moves aft and upward 
as the Reynolds number is increased. The may -timim lift coefficient at 
a Reynolds number of 9*0 x 10^ was increased by about 0-06 by changing 
from the position found to be best at R = 2.4 X 10^ to the position 
at which the highest maximum lift coefficient was measured. In this 
case, the entire character of the lift curve was changed by this change 

in positions at R = 9*0 x 10^ although this change cannot be considered 
typical. 

Data on the effects of roughness on the mar inn mi lift coefficients 
of airfoils with slotted flaps are not extensive enough to provide any 
generalizations although it may be said that the decrement in maximu m 
lift coefficient caused by roughness will be of about the Bame order of 
magnitude as for airfoils with split flaps. It must be remembered 
therefore that leading-edge roughness can cause the maximum lift coef- 
ficient of airfoils to be 0.4 to 0.5 lower than that obtained in a wind 
tunnel with a smoothly polished model- Some data are shown in refer- 
ences 32 , 33 > and 35 on the effects of roughness on the maximum lift 
coefficient of airfoils with slotted flaps. 

Drag . - Drag coefficients of airfoils equipped with slotted flaps can 
be expected to be lower than those of airfoils with either plain or split 
flaps because of the fact that the separation of the flow over the flap, 
usually apparent on plain flaps at high deflections and the wide, blunt 
rear portion of airfoils equipped with split flaps are eliminated or 
minimized with slotted flaps. Envelope polars for the NACA 23012 airfoil 
equipped with slotted flaps of various sizes are shown in figure 3 ^* 

These data show an effect of increasing flap size that is opposite to 
that with either plain or split flaps, the drag decreasing at a given 
lift coefficient as the flap size is increased* The drag polar for the 
NACA 23012 airfoil equipped with a 0.40c split flap is also shown in 
figure 34 and indicates the much lower drag coefficients obtained with 
slotted flaps than with split flaps. The effect of slot -lip extension 
on drag is shown in figure 35- Increasing the slot-lip extension also 
is shown to decrease the drag at any given lift coefficient. 
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Flap position can also have a great effect on drag coefficients 
since the shape of the slot passage determines whether or not there 
are any regions of separated flow in the region of the flap- Contours 
of flap position for minimum drag coefficient are shown for various 
airfoil-flap combinations in references 23 to 25 , 28 , 30 , and 31* One 
of these contours taken from reference 28 is shown in figure 36 . These 
data and those shown in the references show that the requirements of 
a good slot shape for low drags are different from the requirements 
for high maximum lift coefficients. The slots for which low drags are 
measured seem to be nearly constant in area rather than converging, 
and the slot openings seem to be larger than those for high maximum 
lift. 


With slotted flaps in the retracted position, the resulting break 
in the airfoil lower surface has been shown to have large effects on drag 
coefficients. Drag data are shown in figure 37 for an NACA 6-series 
airfoil section equipped with a 0.25c slotted flap. These data show 
that when air is allowed to leak through the gap, the drag increment 
in the low-drag range caused by a sharp slot entry is approximately 
twice that caused by a well-rounded entry. These data also show, 
however, that the drag coefficient with the sharp entry can be reduced 
to the same value as with the rounded slot entry merely by sealing the 
gap to prevent any flow of air. Data are shown in figure 38 for an 
NACA 66,2-116, a = 0. 6 airfoil with a 0.25c slotted flap and three 
lengths of slot -entry-skirt extension. These data show that the drag 
is progressively lowered as the slot-entry skirt is extended. 

Pitching moments . - Since a slotted flap is similar to a plain flap 
with a boundary-layer-control slot at the flap nose, the load distribution 
over an airfoil with a slotted flap should be s imi lar to that over an 
airfoil with a plain flap with the exception of discontinuities at the 
slot. The pitching moments of airfoils equipped with slotted flaps 
should be approximately the same as the pitching moments of an airfoil 
with a plain flap of similar size. The flap-chord ratio and the airfoil 
chord must be defined for this purpose, however, on the basis of the 
total chord with flap extended. Pitching -moment slopes have been 
calculated on the basis of total chord with flap extended for several 
combinations of airfoil and slotted flaps and are shown in figure 39 
along with the slopes calculated from the thin-airfoil theory. These 
data show that the pitching moments of airfoils with slotted flaps 
approximate those predicted by the plain-flap theory although the 
experimental pitching moments for slotted flaps are in all cases slightly 
higher than the theory indicates and show considerably less variation 
with flap size than the theoretical. 

Flap loads . - Aerodynamic load characteristics for a number of 
airfoils equipped with slotted flaps are presented in references 29 , 

3^, 37, and 38 . Flap loads generally increase as the flap deflection 
is increased up to the deflection at which the flap stalls, the variation 
in flap loads with angle of attack for unstalled conditions being small as 
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compared, with the variation with flap deflection. Normal-force coef- 
ficients on slotted flaps for the data shown in the references usually 
reach a maximum of about 1.6 or 1-8. Chord forces are generally small 
compared with the normal forces, and centers of pressure of the flap loads 
usually range from about 0.2 to 0.4 of the flap chord. 


Double Slotted Flaps 

Data are presented in reference 39 for 311 NACA 23012 airfoil 
equipped with a 0.296c slotted flap and several auxiliary flaps. These 
data show that the slotted flap with a 0.10c auxiliary slotted flap 
was more effective in increasing the maximum lift coefficient than any 
of the other devices tested. Reference 40 shows data for NACA. 23012, 
23021, and 23030 airfoils equipped with 0*40c slotted flaps and 
0.256c auxiliary slotted flaps. Maximum lift coefficients of 3*46, 

3-57, and 3.71, respectively, were measured with these double slotted 
flaps on the three airfoils. Later investigations showed that the 
double slotted flap could be simplified considerably by changing the 
form of the foreflap to a turning vane- For double slotted flaps of a 
given total chord, the vanes were shown to be just as effective as the 
foreflaps tested on the original double slotted flaps and had the 
added advantage of being of such a size that they could be entirely 
enclosed within the wing structure when the flap was retracted. A 
typical double slotted flap of the latter type is shown in figure 40- 
The slot entry and slot lip are defined in the same way as for single 
slotted flaps. The vane chord line has been defined in various ways, 
but the most frequently used definitions are the maximum-length line 
or the line through the trailing edge and the center of curvature of 
the vane leading edge. The vane size is then defined by the length of 
this chord line and the deflection, by the angle between the airfoil 
chord. line and the vane chord line- 

Double slotted flaps operate to increase the maximum lift coef- 
ficient in essentially the same way as single slotted flaps with the 
exception that an additional slot is available to provide a greater 
amount of boundary-layer control. Another way of defining the action 
of a double slotted flap is that it is merely a single slotted flap 
which is provided with a turning vane in the slot to help deflect the 
air flow downward over the flap, since the downward deflection of the 
flow is the principal function of the vane. As a result of its turning 
action, however, the vane also carries an appreciable lift load of 
itself. The important design parameters are, as is the case for single 
slotted flaps, flap deflection, flap size and extension, and the 
efficiency of the flow through the slot passages in preventing separation. 

Maximum lift . - Maximum-lift data for airfoils with double slotted 
flaps are presented in table II along with information concerning the 
flap and airfoil configuration and test conditions. Although the absolute 
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optimum positions of both flap and vane were not determined for all 
the configurations which are noted as optimum positions in the table, 
this notation does indicate that enough tests were made to determine 
a position at which the maximum lift coefficient is essentially the 
optimum. Double slotted flaps are seen to produce higher maximum 
lift coefficients than any of the other flaps so far considered. 

Flap deflections at which the highest maximum lift coefficients 
were measured as shown in table II varied frcm 45° to 70° and vane 
deflections varied from 20° to 30° • Although the data are rather scattered, 
a general trend toward higher flap deflections and lower vane deflections 
can be noted as the airfoil thickness ratio is increased- 

Although a fairly large amount of data is available, the effects 
of flap size end extension are not well defined because of the fact that 
most of the designs tested up to the present time are of approximately 
the same size- The data in references 39 and 40 on RACA 230 -series 
airfoils equipped with the original type of double slotted flap give 
an indication, however, that larger double slotted flaps (up to 0-40c, 
at least) should provide higher maximum lift coefficients than those 
obtained with flaps of the sizes normally employed. Same few data are 
available in references 43 and 44 on the effect of vane size on the 
maximum lift coefficients obtainable for several airfoil sections 
equipped with double slotted flaps- Some of these data are presented 
in figure 4l and show that, in general, increases in vane size provide 
increases in maximum lift coefficients although the range of vane size 
covered is rather small- 

The available data on the effects of slot-entry and slot-lip 
configurations are also meager- The effects of the shape of the slot 
can be expected, however, to be similar to those noted for single 
slotted flaps. The effects of slot-entry-skirt extension on the 
lift characteristics of an airfoil section equipped with a double 
slotted flap operating along a fixed flap path are presented in figure 42. 
Although the lift coefficients at the highest flap deflections were 
not affected by the extension of the slot-entry skirt, those at inter- 
mediate deflections were lowered considerably by the longest extension. 

Some data on the effect of flap and vane positions on maximum 
lift coefficients are given in references 43 to 48. From the data for 
optimum configurations shown in table II it may be seen that vane positions 
for best maximum lift coefficients usually fall within a range of position 
from 0 - 0 l 8 c to 0 - 025 c below the slot lip and from 0 . 005 c to 0 - 015 c 
forward of the slot lip although a few of the data show that highest 
maximum lift coefficients were measured with the vane located about 0 - 005 c 
behind the slot lip. The positions of the flap cover a wider range 
varying from 0 . 015 c to 0 . 030 c forward end from 0 - 005 c to 0 - 020 c below 
the vane trailing edge. In one case, the flap was found to give the 
highest maximum lift coefficient when located behind the vane trailing 
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edge* Although the data in table II show that flap and vane positions 
for maximum lift fall within a fairly well-defined range of positions, 
care should be exercised in setting flap and vane positions arbitrarily 
from these data because of the great sensitivity of these flaps to small 
changes in position. A few contours of flap and vane positions for 
maximum lift coefficient are shown in figure 43 and indicate the accuracy 
with which the flap and vane must be located. 

The fact that most of the data for double slotted flaps have been 
obtained for configurations of roughly similar size provides a fairly 
extensive amount of data on the effect of airfoil section on maximum 
lift coefficients. Data from table II on the maximum lift coefficients 
of various airfoil sections with double slotted flaps are shown in 
figure 44 plotted against airfoil thickness ratio. All of the double 
slotted flaps for which data are shown had total chord lengths (from 
nose of vane to trailing edge of flap) of about 0-30c to 0.35c and had 
slot lips located at about 0.85c. Although these data are rather 
scattered, they define fairly well the variation of maximum lift coef- 
ficients with the various airfoil parameters. Increases in camber and 
forward movements of the position of minimum pressure of NACA 6-series 
airfoils seem to provide increases in maximum lift coefficient* Maximum 
lift data for NACA 63-series and 66-series sections with design lift 
coefficients of 0.2 equipped with 0.20c split flaps deflected 60° are 
also shown on this figure- These data .show that the effects of thickness 
and position of minimum pressure can be shown qualitatively at least by 
the systematic split-flap data in reference 7- A comparison of the data 
in figures 44 and 17 shows that the effects of camber on maximum lift 
coefficient are approximately of the same order of magnitude for the 
systematic split-flap data and the double- slotted-f lap data. 

Scale-effect data on various airfoil double-slotted-flap combinations 
are presented in references 44 and 47 to 51. These data show approximately 
the same characteristics as the scale effect data on single slotted 
flaps and there are indications that the best maximum lift configurations 
of double slotted flaps may also change as the Reynolds number is changed- 

Drags . - The drag characteristics of airfoils with double slotted 
flaps are perhaps best shown by a comparison with the drag of airfoils 
with single slotted flaps. Envelope polars for two single slotted 
flaps and a double slotted flap on the NACA 23012 airfoil are shown 
in figure 45- The drag coefficients at intermediate lift coefficients 
are considerably higher for the double slotted flap than' for the single 
slotted flap. At higher lift coefficients, the drag of the airfoil 
with the double slotted flap is lower than that with the single slotted 
flap, principally because the separation of the air flow is delayed to 
higher lift coefficients. A similar comparison for various types of 
slotted flaps on the NACA 23021 airfoil is shown in reference 45* A 
comparison of envelope polars for the NACA 23012 and 23021 airfoils is 
shown in figure 46. The drag coefficients of the NACA 23012 section 
are lower than those of the NACA 23021 section for all lift coefficients 
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"below about 3-0; above this lift coefficient, there ie very little 
difference between the two airfoils. 

In the flap-retracted condition, double slotted flaps are subject 
to the same increments in mi ni mim drag coefficient with flap retracted 
as single slotted flaps. In order to obtain lowest drag with flap 
retracted, every attempt should, therefore, be m ad e to fair over the 
slot entry and to seal the flap gap in the retracted condition. 

Pitching moment . - The pitching moments of airfoils with double 
slotted flaps should be similar to those of airfoils with single slotted 
flaps and should show the same sort of agreement with the thin-airfoil 
theory. There are not enough data available to show this effect completely 
since most of the double-slotted-flap data have been obtained with flaps 
of about the same size. Comparisons made with a few of the combinations 
for which deta are available, however, show that the values of ACjj/Acj 
for double slotted flaps agree very well with those of single slotted 
flaps of the same size when the coefficients are defined on the basis 
of total chord. 

Flap loads .- Data on the aerodynamic loads over double slotted flaps 
on several airfoil sections are shown in references 48 and 49* The flap 
part of a double slotted flap is usually located ge cane trie ally in about 
the same position relative to the vane trailing edge as single slotted 
flaps are relative to the wing slot lip. The aerodynamic loads on these 
flaps are therefore of about the same order of magnitude as those on 
single slotted flaps. Fanes of double slotted flaps are effectively the 
leading-edge portions of highly deflected flaps and are usually highly 
cambered. For these reasons, the aerodynamic loads on these jepnes are 
usually very high and normal-force coefficients as high as have been 
measured on the vanes of highly deflected double slotted flaps. 

Vanes of double slotted flaps are frequently located at positions 
where a large portion of their length extends under the wing slot lip. 

In such a position, with a converging passage all the way to the trailing 
edge of the slot lip, the minimum pressure is measured far back on the 
vane. Other double slotted flaps are so positioned that the vane is 
actually behind the wing slot lip and the pressure distribution reaches 
a peak at the vane leading edge. It may easily be seen from these 
considerations that the aerodynamic moment and the pressure chord 
forces on these vanes depend to a great extent on vane position and may 
vary over a very wide range. Flap and vane load characteristics for the 
airfoil double-slotted-flap combination, for which lift data are shewn 
in figure 41, are presented in figure 47« These data show that flap 
and vane load characteristics for this configuration vary in a regular 
manner with flap deflection up to a deflection of 40°, at which deflection 
the lifts and flap loads cease to increase with deflection and the variation 
of flap loads with lift coefficient becomes erratic. 
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Summary of Slotted-Flap Data 

Slotted flaps are shown to provide higher maximum lift coefficients 
than any of the other devices discussed. Double slotted flaps are more 
efficient, particularly for airfoils of small thickness ratios, than 
single slotted flaps. Increases in total chord are shown to provide 
increases in maximum lift coefficients of single slotted flaps, whether 
obtained by increasing the flap size or increasing the slot-lip 
extension. Sharp corners or skirt extensions at the slot entry are 
shown to reduce the maximum lift coefficients of thick airfoils with 
slotted flaps although the entry condition seems to have little effect 
on the maximum lift coefficients of thin airfoils with slotted flaps. 
Bending down the slot lip to direct the air flow down over the flap 
has been shown to have an advantageous effect on maximum lift coef- 
ficient. Data that are available seem to indicate that flap noses 
should have shapes similar to those of good airfoil sections. The best 
positions for highest maximum lift coefficients of double slotted flaps 
seem to fall within fairly well-defined limits although a few cases are 
shown where the best position falls outside these limits. The best 
positions of single slotted flaps are not so well defined. Maximum 
lift coefficients of both single and double slotted flaps are very 
sensitive to flap position, however, and optimum configurations cannot 
be predicted with apy degree of accuracy. 

Drags of airfoils with both single and double slotted flaps are 
lower than those of airfoils with plain or split flaps because the 
separation of the flow over the flap at relatively low deflections is 
prevented by the boundary-layer-control action of the slots. At a 
given lift coefficient, the drag of airfoils with slotted flaps is 
lowered if either the flap size or the slot-lip extension is increased. 
At moderate lift coefficients, the drag coefficients of double slotted 
flaps are higher than those of single slotted flaps. 

Pitching moments of airfoils with both single and double slotted 
flaps are of the same order of magnitude as those shown by thin-air foil 
theory if the pitching moments of the slotted flaps are defined on the 
basis of total chord with flap extended. 

Normal-force coefficients of single slotted flaps or the flap 
parts of double slotted flaps are of approximately the same order of 
magnitude and usually reach maximum values at high flap deflections 
of 1.6 or 1.8. Very high normal-force coefficients (as large as 5*0) 
are encountered on vanes of double slotted flaps and aerodynamic moments 
and pressure chord forces can vary over wide ranges depending on vane 
position . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 



mXimSM LIFT COEFFICIENTS OF AIRFOIL SECTIONS EQUIPPED WITH SINGLE SLOTTED FLAPS 


Airfoil 

section 

■ 

■ 

Slot- 
on try 
config- 
uration 

Flap 

nose 

shape 

6 l ma* 


n 

■ 

Opt la vp 
position 

B 

Reference 

Clark Y 


1.00c 

(b) 

n 

2.W* 

B 

0 

-0.025c 

yes 

0.6l x 10 

29 

Clark Y 

.30 

1.00 

(b) 


2.83 

B 

0 

-.025 

yes 

.61 

29 

Clark Y 

.1+0 

1.00 

(b) 

m 

3.10 

1+0 

0 

-.025 

yes 

.61 

29 

23012 

.10 

.93 

(a) 

A 

2.25 

50 

.OOt+c 

.005 

yea 

3-5 

39 

23012 

.15 

1.00 

(b) 

A 

2.68 

30 

0 

.015 

yes 

3.5 

50 

25012 

.25 

1.00 

(bj 

A 

Bp] 

1+0 

0 

.015 

yes 

3-5 

30 

23012 

.236 

.800 

(a) 

B 


50 

.005 

.018 

yes 

5-5 

19 

25012 

.257 

.S 3 

(a) 

A 

2.81 

30 

.005 

.016 

yes 

3-5 

19 

25012 

.257 

.83 

(a) 

A 

2.33 

1+0 

.013 

. 021 + 

yes 

3-5 

59 

23012 

.267 

1.00 

(b) 

A 

2.90 

30 

0 

.025 

no 

3-5 

19 

23012 

.30 

.90 

(c) 

A 

2.92 

50 

.002 

.010 

no 

3.5 

22 

23012 

.50 

.90 

(c) 

A 

2.92 

1+0 

.002 

.020 

no 

3-5 

22 

23012 

.50 

.90 

(c) 

A 

2.93 

36 

.002 

.030 

no 

3-5 

22 

23012 

.30 

.90 

(b) 

A 

2.88 

1+0 

.002 

.020 

no 

3*5 

22 

23012 

.30 

1.00 

(b) 

A 

3.29 

1+0 

0 

.015 

no 

3.5 

22 

23012 

.1+0 

.715 

(b) 

mm 

2.87 

50 

.015 

.015 

yes 

3.5 

23 

23012 

. 1+0 

.715 

(a) 

B 

2.90 

50 

.013 

.015 

yes 

3-5 

23 

23021 

.15 

1.00 

(b) 

B 

2.59 

60 

0 

.Olp 

no 

3.5 

17 

23021 

.15 

1.00 

(b) 

A 

2.66 

60 

.050 

.050 

yea 

3.5 

31 

25021 


1.00 

(b) 

A 

& 

l+o 

.025 

.015 

yes 

3.5 

51 

23021 

.257 

.827 

(b) 

B 

2.69 

60 

0 

.015 

yes 

■ 3-5 

20 - 

23021 

.237 

.327 

(a) 

m 

B 

2 . 7 k 

60 

0 

.015 

ma 

3.5 

20 “ 

23021 

•257 

.827 

(bj 

A 

2.71 

60 

.005 

.020 

mZm 

3.5 

20 " 

23021 

.257 

.827 

(a) 

A 

2.82 

50 

0 

.025 

yes 

3-5 

20 " 

23021 

. 1+0 

.713 

(b) 

A 

2.79 

50 

.015 

.025 

yes 

3-5 

2k 

23021 

. 1+0 

.713 

(a) 

A 

2.38 

50 

.015 

.ol +5 

yes 

3.5 

21 + 

23030 

.257 

.360 

(b) 

B 

2.59 

60 

.025 

.oi+o 

yes 

3.5 

25 

25030 

.257 

.360 

(a) 

B 

2.68 

60 

-.005 

.Qi+O 

yea 

3.5 

25 

23030 

. 1+0 

.775 

(b) 

B 

2.82 

50 

.025 

.060 

yes 

3.5 

25 

23030 

. 1+0 

.773 

(a) 

B 

J. 

2.90 

1 

.025 

. 060 

JOB 

3o 

25 
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TABLE I.- Concluded. 



Airfoil 

section 

c f 

c a 

Slot- 

entry 

config- 

uration 

Flap 

nose 

shape 

^max 

(deg) 

*f 

7f 

Optimum 

position 

R 

Reference 

yj 

1 

6 5, >-1*30 < 

i .25 

.88 

<b) 

B 

[pj> 

35 

.018 

.01*5 

no 

6.0 

7 

*' 


-243 

.835' 

(a) 

I 


1*0 

0 

.027 

yes 

9.0 

21 


6^-210 

.25 

.81* 

( c) 


2.1*7 

45 

.009 

.010 

yes 

6.0 

32 


65-210 

.25 

.90 

(c) 


2.1+8 

1*1.3 

.014 

.009* 

yes 

6.0 

32 


65-210 

.25 

•975 

(C) 

1 

2.45 

35 

.004 

.020 

yes 

6.0 

32 


approx. 
4^ 112) Alii- 

-35 

.839 

(c) 

B 

2.69 

35 

-.020 

.032 

yes 

9.0 

33 


approx. 

651-215 

.556 

.889 

(c) 

■g 1 

2.63 

40 

.019 

.046 

no 

9.0 

35 


65 (215 ) -11 ^ 

.259 

.913 

(c) 

1 

2.80 

4o 

.019 

.038 

no 

9.0 

35 


approx . . 

65,2-221 c 

fe.265 

.832- 

(a) 

B 

2.83 > 

30 

.025 

.046 

yes 

9*95 

26 


66 (215)- 116 

.25 

.8 2 k 

(c) 

B 

2.70 

55 

0 

.028 

no 

6.0 

34 


66,2-116, 

a = 0.6 

.25 

.827 

(a) 

A 

2.69 

45 

.017 

.038 

no 

6.0 

27 


66,2-216, 
a = 0.6 

.30 

.90 

(c) 

A 

2.92 

37 

0 

.016 

no 

6.0 

7 


66,2-216 
a = 0.6 

.25 

.824 

(a) 

B 

(2^' 

4o 

.023 

.040 

yes 

5.1 

28 


66,2-216 
a = 0.6 

.25 

.834 

(c) 

H 

2.88 

45 

.011 

.031 

yes 

1 5.1 

28 

A 

66,2-118 

1 .25 

1 

.90 



2.68 

32.5 




6*0 

18 

n 





no 



Dai/ is 

.30 

1.00 

(b) 


3-1*5 

4o 




6 .2 

36 


t/c = 0.18 

wm 

1 





modif led 
Davis 

t/c = 0.18 

.30 

1.00 

(b) 

#1 

3- A 

4o 




6.0 

36 


m 





approx. 
66 -series 
t/c = 0.18 

.30 

1.00 

(b) 


(7^ 

i 50 




6.2 

36 








Slot-entry configurations Flap nose shapes 
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TABLE II 


MAXIMUM LIFT COEFFICIENTS OP AIRFOIL SECTIONS EQUIPPED WITH DOUBLE SLOTTED FLAPS 


Airfoil 

c f 

C V 

c a 

Cl max 

Sf 

(deg J 

(d«g) 

x f 

7 f 


7 v 

Optimum 

position 

R 

Refer- 

ence 

2J012 

,000c 

0.189c 

0 . 85 c 

2.99 

70 

40 

0.009c 

0.009c 

o.oi4c 

0.024c 

yes 

3.5 * 10 6 

2 L 

25012 

*257 

.227 

.719 

5 . 1 * 7 ' 

70 

30 

.014 

.012 

.015 

.035 

no 

3.5 

40 

25021 

-257 

.227 

.715 
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Figure 4.- Normal-force distribution and incremental normal -force distribution for flaps 

neutral and deflected. 
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Figure 6.- Effect of Reynolds number on increment of maximum 
section lift coefficient caused by deflection of a 0.20c plain flap 
on the NACA 23012 airfoil section. 
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Figure 7. - Variation of optimum increment of maximum section 
lift coefficient with flap -chord ratio for several airfoil 
sections equipped with plain flaps. 
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Figure 9.- Envelope drag polars for a Clark Y airfoil equipped with plain flaps of various 

size. R = 0.609 * 10®, A = 6, reference 10. 
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Figure 13.- Variation of flap hinge -moment coefficient with flap 
deflection. NACA 23012 airfoil; 0.20c plain flap; a G = 0°. 
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Figure 15.- Variation of increment of optimum maximum section 
lift coefficient with flap-chord ratio. NACA 230-series airfoils 

equipped with split flaps. R = 3.5 x 10®. 
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Figure 16.- Variation of maximum section lift coefficient with 
flap deflection for several NACA 6-series airfoil sections 

equipped with 0.20c split flaps. R = 6.0 x 10®; reference lH. 
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Figure 18.- Variation of maximum section lift coefficient with 
position of minimum pressure and airfoil thickness ratio for 
some NACA 6 -series airfoil sections with and without split 
flaps; c, = 0.2; R = 6.0 x 10 6 . 
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Figure 19.- Concluded. 
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Figure 21.- Variation of ratio of increment of section pitching -moment coefficient to 
increment of section lift coefficient with flap -chord ratio for several airfoil sections 
equipped with split flaps. a 0 = 0°. Reference 13. 
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Figure 22 .- Variation of maximum lift coefficient with flap deflection and hinge position for a 
Clark Y airfoil equipped with extensible split flaps for various sizes; R = 0.6 x 10®, A = 1 
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lire 23.- Variation of increment of pitching -moment coefficient with increment of lift 
coefficient for various hinge locations of a 0.40c extensible split flap on a Clark Y 
airfoil. a n = 0°. Reference 16. 
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Figure 25.- Variation of maximum section lift coefficient with flap deflection for the NACA 
23012 airfoil equipped with various slotted flaps. R = 3.5 x 10 . 
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Figure 26. - Variation of maximum section lift coefficient with 
flap deflection for several NACA 6 -series airfoil sections 
equipped with slotted flaps. 
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Variation of optimum increment of section maximum lift coefficient with flap -chord 
ratio and with slot-lip location; NACA 23012 airfoil section. 
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(a) NACA 66,2-216,a = 0.6 airfoil with 0.25c slotted flap and two slot- 
entry configurations. R = 5.1 x 10®, 6^ = 40°, reference 28. 

Figure 31.- Contours of flap location for maximum section lift 
coefficient for two airfoils equipped with slotted flaps. 
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Figure 33.- Scale effect on section maximum lift coefficient for two low -drag airfoil sections 

equipped with slotted flaps. 
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Figure 36.- Contours of flap position for various section drag coefficients for the 
NACA 66,2-216, a = 0.6 airfoil equipped with a 0.25c slotted flap. 6 f = 30 , 

c 7 = 2.5, R = 5.1 x 10 6 , reference 28. 
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ure 38.- Effect of slot-entry-skirt extension on section drag characteristics of an 
NACA 66,2-116, a = 0.6 airfoil equipped with a 0.25c slotted flap. 6 f = 0°, 

R = 6.0 x 10 6 . Reference 27. (Same airfoil-flap combination as fig. 28.) 
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Figure 39.- Variation of ratio of increment of section pitching- 

moment coefficient to increment of section lift coefficient 

with flap -chord ratio for several airfoil sections with slotted 

flaps. a D = 0°. (All coefficients based on total chord with 
\ 




NACA EM No. L8D09 



Flap retracted 



All dimensions given in fractions of airfoil chord 


Figure 40.- Sketch of typical double -slotted -flap configuration. 
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(a) No skirt extension. R = 2.4 x 10 . 

Figure 42.- Section lift characteristics of an NACA 63,4"421 (approx.) 
airfoil equipped with a double slotted flap and several slot-entry- 
skirt extensions. 


S«otlon lift oo«fflol«nt 


NACA EM No. L8D09 



(b) Partial skirt extension. R = 2.4 x 10 ®. 
Figure 42.- Continued. 
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Figure 42.- Continued. 
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(d) Full skirt extension. R = 2.4 x 10 
Figure 42.- Concluded. 
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(a) NACA 230-series sections. 6f = 60 c 


Figure 43.- Contours of flap and vane positions for double slotted 
flaps on several airfoil sections. 
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(b) NACA 64 ^ -212, reference 44. 
Figure 43.- Concluded. 
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Figure 46.- Comparison of envelope polar s for two airfoil sections 
equipped with double slotted flaps. R = 3.5 x 10°. 
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(b) Vane. 


Figure 47.- Concluded 





